Urachal adenocarcinoma represents the third most common histological type of non-urotelial bladder cancer. A very low incidence of this disease and the lack of prospective studies have led to a rich and heterogeneous treatment history. Currently, the standard of care for these patients is represented by partial cystectomy en bloc with resection of the urachal ligament and total omphalectomy. The aim of this article is to present our experience and results in the management of patients with urachal adenocarcinoma. Between 2005 and 2015, 16 patients have undergone surgical treatment for urachal adenocarcinoma in "Fundeni" Clinical Institute and Madrid University Hospital "Infanta Sofia." Partial cystectomy was performed in 11 (68.76%) patients, while radical cystectomy en bloc with omphalectomy was performed in 5 (31.25%) patients, which were not amendable to a limited resection. The Sheldon classification was used, as it provides appropriate disease staging and is the most commonly utilized. Postoperative pathological results showed that 7 (43.75%) patients had localized tumors, and more than one-third (37.5%) of the patients had locally advanced Sheldon III disease, while 3 patients had distant metastasis at the time of surgery. Lymph node involvement was present in 3 patients (18.75%). Mean follow-up time was 2.5 years, ranging from 4 months to 7.6 years. Three patients (18.75%) were lost to follow-up, without any documented signs of local or systemic recurrence and were cancer free at the time of the last evaluation. In cases with lymph node involvement, local recurrence or distant metastasis, patients underwent cisplatin-or 5-fluorouracil-based salvage chemotherapy. Surgical treatment represents the gold standard, while adjuvant chemotherapy has a limited impact on overall survival. The utility of navel resection is questionable due to the rarity of direct invasion or local recurrence.
Introduction
Urachal adenocarcinoma, initially described by Hue and Jacquin in 1863, represents the third most common histological type of bladder tumors with non-urothelial origin. Data provided by the Surveillance, Epidemiology and End Results suggest that this histological variant accounts for about 10% of adenocarcinomas of the bladder, 1 while the Netherlands Cancer Registry reports that 16.3% of bladder adenocarcinomas originate in the urachal ligament. 2 The low incidence of this pathology and the lack of prospective studies have led to a rich and heterogeneous treatment history, which is still an intense focus of several ongoing studies. According to initial studies, the optimal surgical treatment is radical cystectomy and pelvic lymph node dissection (LND), similar to that performed in patients with muscle invasive bladder cancer. However, better understanding of local anatomy and the embryological origin of this particular type of tumor have allowed urologists to safely perform partial cystectomy while ensuring adequate control of the disease. 3 Increased interest in bladder sparing techniques has been spurred by their ability to achieve adequate disease control as well as their avoidance of perioperative morbidity. Moreover, preserved bladder function, including both esthetic and functional outcomes, has helped establish partial cystectomy as the gold standard for treatment of urachal tumors. Currently, the standard of care for these patients is represented by en bloc partial cystectomy with resection of the urachal ligament and total omphalectomy. Omphalectomy was performed when the tumor had direct involvement of the urachal ligament or of the abdominal wall and in cases with a high index of suspicion for urachal adenocarcinoma.
The aim of this study was to present our experience and results in the management of patients with urachal adenocarcinoma.
Materials and methods
Data from patients who had undergone surgery for urachal adenocarcinoma at the "Fundeni" Clinical Institute, Bucharest, and Hospital "Infanta Sofia," Madrid, between 2005 and 2015 were analyzed. The inclusion criteria were presence of a tumor located in the bladder dome on contrastenhanced computed tomography (CT) or magnetic resonance imaging and the absence of cystic or glandular cystitis ( Figure 1 ). We excluded patients with any concomitant neoplastic disease, a history of bladder cancer (urothelial and non-urothelial), or a history of colonic adenocarcinoma. A total of 16 patients who matched the inclusion and exclusion criteria were included in our study (Table 1) .
Partial cystectomy and pelvic LND extended to the aortic bifurcation was performed in 11 (68.76%) patients, while radical cystectomy with ileal conduit urinary diversion, and extended LND was performed in 5 (31.25%) patients not amendable to a limited resection. En bloc umbilical resection was performed in seven cases (43.75%; three partial cystectomy and four radical cystectomies). We did not record any macroscopic umbilical involvement, even in cases with large tumors. No major perioperative complications were recorded. Pelvic lymphoceles occurred in two patients and resolved completely after conservative treatment. Follow-up periods ranged from 4 months to 7.6 years. Clinical and ultrasound evaluations were performed every 3 months for the first 2 years and contrast-enhanced CT scans every 6 months for the first 5 years and yearly thereafter. Nonsystematic cystoscopy was performed in patients with abnormal ultrasound or CT results.
Although several grading systems have been proposed for primary bladder adenocarcinoma, they have not been uniformly adopted. We opted for the Sheldon classification, as it provides appropriate disease staging and is the most commonly utilized. 4 
Results
Postoperative pathological results showed that 7 (43.75%) patients had localized tumors, 6 (37.5%) patients had locally advanced Sheldon III disease, and 3 patients had distant metastasis (2 in the liver, 1 in the lungs) at the time of surgery. Lymph node (LN) involvement was present in one patient with locally advanced tumor and in two with distant metastasis. None of the patients had positive margins. Supplementary perioperative and postoperative data can be found in Table 2 .
The mean follow-up period was 2.5 years, ranging from 4 months to 7.6 years. A total of 3 patients (18.75%) were lost to follow-up, the first after 6 months, and the second and third after 3.5 years and 4 years, respectively. None had any documented signs of local or systemic recurrence and were cancer free at the time of the last evaluation.
Local recurrences were recorded in the pelvic LNs in 4 patients (25%) and the vesical peritoneum in 2 (12.5%). Mean time to local recurrence after surgery was 25 (6-36) months. Systemic progression was recorded in 2 patients (12.5%): one LN-positive patient developed bone metastasis at 14 months and one developed liver metastasis at 9 months. There were no cases of umbilical recurrence.
The median survival for Sheldon I patients was 45 months. The two Sheldon II patients had similar median survival to locally advanced cases at 30.6 months; however, both patients are currently receiving chemotherapy for local recurrence and one patient developed systemic progression at 6 months after surgery. Sheldon IIIA and IIIB patients had median survival rates of 30.5 and 33 months, respectively. Patients with LN involvement or metastasis had the lowest survival rates at 22.37 and 18.37 months, respectively.
Patients in Sheldon IV and those developing systemic progression had a poor prognosis with a 2-year cancer Rare Tumors specific survival (CSS) of 0%. Sheldon I patients had favorable prognosis with a 100% CSS at 5 years, while Sheldon II and III patients had a poorer prognosis with a 2-year CSS of 50%. The mean progression-free survival after salvage chemotherapy was 3.7 (1.5-5) years at the time of local recurrence detection.
Patients with LN involvement and those in Sheldon stages IIIB and IV received adjuvant chemotherapy based on 5-fluorouracil in association with doxorubicin, etoposide, cisplatin, and gemcitabine. In patients with either local recurrence or distant metastasis, cisplatin-or 5-fluorouracil-based salvage chemotherapy was administered (Table 3) . Patients with systemic disease had poor outcomes, with mean overall survival of 15.4 (12-17.2) months.
Discussion
The small number of reported cases has resulted in a lack of uniformity in the diagnostic criteria of urachal adenocarcinoma. Thus, the diagnosis is based on clinical and histological findings in most cases.
Three major staging systems have been proposed for urachal adenocarcinoma: Sheldon, Mayo, and Ontario. The TNM staging system does not apply because the tumor originates outside the bladder. The Sheldon grading system was the first to be introduced and is currently the most commonly utilized. Although this system has never been formally validated, the lack of randomized trials and the low incidence of this pathology have resulted in the other systems being seldom utilized.
Our results indicate that 37.5% of patients had hematuria at diagnosis, which correlates with previous evidence supporting that hematuria represents the most common symptom in urachal neoplasia. 5 In most cases, the presumptive diagnosis of urachal tumor was established by exclusion, after cystoscopy and abdominal and pelvic CT scans. This diagnosis can be presumed in patients with normal findings on cystoscopy and the presence of a calcified mass in the bladder dome on the pelvic CT scan. However, in patients who present with bladder wall invasion (Sheldon >IIIA), the differential diagnosis is very difficult, and most patients are treated as if they had bladder adenocarcinoma with partial or total cystectomy, without omphalectomy. The definitive diagnosis is made at 1 month. Currently, there are no previous studies reporting navel recurrence in cases with urachal carcinoma, in which omphalectomy was not performed during partial/total cystectomy.
Positive surgical margins and tumor grade represent the most important prognostic factors impacting CSS and overall survival. High-grade tumors are most often associated with a poor prognosis; however, our study demonstrated good oncological results in patients with high-grade tumors limited to the urachal ligament or bladder. 6 In this regard, all patients included in our cohort had high-grade disease, which may be considered a limitation of our study. The most common histological subtype in our study population was represented by pure adenocarcinoma, followed by mucinous and signet ring cell tumors. Patients with mucinous and signet cell tumors had a poorer prognosis due to their locally advanced or metastatic disease at diagnosis.
At the time of last follow-up (ranging between 4 and 92 months), 8 patients (50%) were disease free. This demonstrated that although patients with urachal adenocarcinoma frequently present with locally advanced tumors invading the perivesical and periurachal tissue, they may be candidates for curative resection if adequate partial cystectomy with en bloc resection of the urachal ligament and extended pelvic LND is performed. In contrast, tumors that extend to the peritoneal cavity or invade the abdominal organs are rarely amendable to radical treatment, even if aggressive surgery and adjuvant chemotherapy is performed.
Prognosis was modest in patients with locally advanced tumors, lymph node involvement (LNI), and metastasis. These patients had local/systemic progression irrespective of adjuvant/salvage therapy and all eventually succumbed to cancer-related death.
Chemotherapy is commonly recommended in high-risk patients and those with metastatic disease or positive LNs. Chemotherapy regimens are based on 5-fluorouracil, often in association with cisplatin, doxorubicin, etoposide, and mitomycin and have a limited impact on overall survival. 7, 8 There are two currently ongoing studies (one of which is based on 5-fluorouracil, leucovorin, gemcitabine, and cisplatin), which showed a partial response in most patients. 9 Non-standardized 5-fluorouracil-based chemotherapy regimens were used in our study with modest results. The mean progression-free survival in patients who underwent adjuvant treatment was 9 (range: 4-14) months, and 4 months in patients receiving salvage chemotherapy for local/systemic progression. There were no cases of complete response after chemotherapy in our study population.
Henly et al. 10 reported no significant difference between partial cystectomy and radical cystectomy in terms of oncological results in a study of 30 patients.
Ashley et al. evaluated 130 patients with urachal tumors. The authors reported macroscopic hematuria and age >55 years as significant negative prognostic factors. A total of 60 patients underwent surgical resection with no significant difference between partial and total cystectomy in terms of overall survival. An overall 5-year CSS of 49% was found in the surgical treatment cohort. The authors noted that urachal resection and omphalectomy were predictors of survival in a univariate analysis and subsequently recommended both procedures as standard of care. However, the study group included a large number of patients with advanced Sheldon stages (~85) with massive bladder involvement in 82% of patients. 11 Umbilicus resection en bloc with the urachal ligament in the management of locally advanced urachal tumors was introduced by Sheldon et al. 5 after finding navel invasion in 7% of autopsies performed on patients who died because of urachal tumors. However, the authors noted that omphalectomy may be omitted in patients with localized lesions.
One important aspect of our study was patient's perception of their body image; while a postoperative scar may be acceptable in most cases, navel excision was considered unaesthetic by most of our patients. Several patients even referred to the postoperative results as a bodily deformity. Therefore, we aimed to preserve the umbilicus when it was technically feasible, as there are no studies reporting abdominal wall recurrence after partial cystectomy and omphalectomy. Although it has minor functional importance, the umbilicus is a major landmark in the aesthetical integrity of the anterior abdominal wall. The navel is the only physiological scar present on the human body, and its loss secondary to surgery may alter the patient's self-image with severe psychological implications. 12 Data in the literature reports a tendency for local recurrence in the pelvic area and progression to metastatic disease in the first 2 years. 13 There were no umbilicus recurrences during the entire follow-up period. Local recurrence (pelvic LNs/peritoneum) occurred in five patients and required salvage chemotherapy, with poor outcomes. The utility of navel resection is questionable, with no therapeutic benefit, since there were no recorded cases of direct invasion or recurrence limited to the umbilicus, even in large tumors.
The main limitation of this study is the small number of included patients; consequently, we could not perform a multivariate analysis in order to evaluate additional risk factors. This drawback is present in most studies that focus on rare diseases. Larger and more robust studies are required; however, they may only be possible in a large multi-centric setting. A second limitation is the retrospective design of the study. A bias in the histological analysis must be taken into account, as the samples were evaluated by a single pathologist in each of the two centers.
Conclusion
Urachal adenocarcinoma is a rare condition with an often poor prognosis due to locally advanced or metastatic disease at the time of diagnosis, since most patients are asymptomatic. The most common symptoms are hematuria and the presence of a palpable hypogastric mass. Surgical treatment represents the gold standard, while adjuvant chemotherapy has a limited impact on overall survival. The utility of navel resection is questionable due to the rarity of direct invasion or local recurrence.
